Aim: To examine whether the existence of the donor-and recipient-derived DNA chimerism in recipient's plasma can be a predictive marker for the status of transplanted organ. Methods: One hundred and twenty-six female patients who had been transplanted with male kidneys were enrolled in the present study. In these female recipients, the SRY1, DYZ 1 1st and DYZ 1 2nd genes on the Y chromosome from the plasma were prospectively examined using reverse transcription polymerase chain reaction (RT-PCR). Results: SRY, DYZ 1 1st and DYZ 1 2nd sequences were detected in the cell-free blood (plasma) of 97 (77%) of 126 female patients with male kidney. The average time that the transplanted kidneys functioned was 8.7 years and 5.4 years among microchimerism-positive and microchimerism-negative recipients, respectively. The frequency of the patients who had acute rejection after renal transplantation was approximately 10% and 28% in microchimerism-positive and microchimerism-negative recipients, respectively. Serum creatinine levels in microchimerism-positive patients were significantly lower than those in microchimerism-negative patients. Conclusion: These results suggest that plasma DNA microchimerism present in certain patients following renal transplantation and measurement of plasma DNA microchimerism using quantitative RT-PCR might be a useful predictor for the acceptance of transplanted kidneys. (Asian J Androl 2006 Jul; 8: 477-482) 
Introduction
Renal transplantation is the best alternative for the treatment of chronic or acute renal diseases in the terminal phase [1] . The development of microchimerism, a phenomenon of the persistence of donor cells in the peripheral blood of renal transplant recipients, has been considered to be positively associated with the acceptance of transplanted organs [1] [2] [3] . However, studies have shown that donor microchimerism is not always detectable in the patients surviving organ grafts [4] [5] [6] .
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The discrepancy might be mainly a result of the small number of cases and the short post-transplant duration in these previous studies.
Detection of microchimerism following transplantation has been achieved predominantly by polymerase chain reaction (PCR)-based techniques [2, [4] [5] [6] [7] . Male-specific Y-chromosomal sequences have been used for this purpose [5, 7, 8] . Recent studies also revealed the presence of donor-derived DNA in cell-free plasma of the liver and heart transplantation recipients, a phenomenon known as plasma DNA microchimerism.
In this report, therefore, we used the reverse transcription (RT)-PCR technique to detect donor-derived DNA in cell-free plasma samples of female recipients who received male kidneys. The existence of microchimerism was analyzed against the survival time and function of the transplanted kidneys.
Patients and methods

Patients
The present study enrolled 126 female transplant recipients receiving male kidneys, aged from 24-47 (average: 35.4) years old from the Renal Transplantation Center, the China-Japan Union Hospital, Jilin University School of Medicine, between June 1986 and July 2000. Approval documents have been obtained from the Clinical Research Ethics Committee of the Jilin University. Among the 126 patients who received healthy male kidneys, 118 patients were married and 109 patients had been pregnant with male infants. All 126 recipients received grafts from male donors with the same blood types, and 56 patients had human leukocyte antigen (HLA) matching and 3 patients received re-renal transplant. The male donors were aged from 18 to 30 years old. Times of warm ischemia and cold ischemia were less than 7 min and 10 h, respectively, for all renal grafts. All patients received routine immunosuppression therapy for their lifetime after renal transplantation; however, the drugs used for the immunosuppression therapy varied among the patients during the wide time-period. They could be divided into four regimens: regimen I (38 patients) were given azathioprine (Aza) + Prednisone (PDS); regimen II (20 patients) were given Aza + PDS + cyclosporine (CsA); regimen III (36 patients) were given CsA + PDS + mycophenolate mofeti (MMF); and regimen IV (32 patients) were given MMF + PDS + tacrolimus (FK506). Among these patients, 71 cases survived for 1-5 years, which is within the range of survival time reported by the published literature [9] , 27 cases for 5-10 years and 28 cases for more than 10 years.
Plasma DNA extraction
Three milliliters of whole blood was collected from each recipient at each examination. The plasma was transferred carefully into another tube without disturbing the pellet at the bottom of the bottle and then centrifuged at 2 500 × g for 5 min to make sure that cells and cellular debris were completely removed from the plasma. The samples were frozen at -20ºC until further use. Plasma DNA was extracted using a phenol/chloroform method. Blood samples were collected from each recipient twice a week within 1 month, once a week at 1-3 months and once a month after 3 months following renal transplantation. The results of the present study were mainly obtained from the examination at and after 3 months following renal transplantation.
Reverse transcription polymerase chain reaction (RT-PCR)
Three and DYZ 1 2nd genes were used with the sequences and conditions summarized in Table 1 . Extracted cell-free plasma DNA (5 µL) was used as the template for PCR reaction. Each sample was analyzed in duplicate. PCR was carried out in a Perkin-Elmer Applied Biosystems 7700 Sequence Detector (Perkin-Elmer Corporation, Foster City, CA, USA). The compositions and conditions of the PCR assays for each of these three genes is described in Table 1 .
Specificity, reproducibility and sensitivity of PCR products were analyzed using plasma samples from 10 healthy male and 10 healthy female volunteers for the present study. DNA was extracted and used to make PCR products with the aforementioned three primers and PCR reactive conditions. The specificity of the PCR products was determined between male and female blood samples. Reproducibility was evaluated by three separate examinations for each person's samples. For sensitivity of the PCR products, the DNA concentration to be used for each PCR product was gradually diluted from 1:1 to 1:1 × 10 7 to define the sensitivity of the PCR amplification at the fixed condition described in Table 1 . Microchimerism positive was defined as an individual whose blood sample was positive at least once among several examinations.
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Statistical analysis
Data were presented as mean ± SD for each group. SPSS 8.0 statistical analysis software was used for the statistical analysis using the unpaired t-test for quantitative data and the χ 2 -test for quality data. A significant difference is accepted when P < 0.05.
Results and discussion
Assay precision
To analyze the specificity of the PCR products, all samples from the 10 men showed three positive bands at 270 bp, 1 024 bp and 674 bp for SRY1, DYZ1 1st and DYZ1 2nd , respectively; whereas all samples from the 10 females were negative for these three genes ( Figure 1A) . The reproducibility was confirmed by the consistent positive and negative results for three separate examinations of each sample for the three genes (data not shown). Serial dilutions of DNA extracted from a man indicated that for SRY1 PCR amplification the positive products were obtained until 1:1 × 10 5 DNA dilutions ( Figure 1B ), for DYZ1 1st until 1: 1 × 10 5 dilutions ( Figure 1C ) and for DYZ1 2nd until 1:1 × 10 6 dilutions ( Figure 1D ). Based on these results of normal healthy volunteers, the detection of DYZ1 2nd using PCR seems the most sensitive marker. This is similar to the results reported by Tajik et al. [6] and by McDiabiel et al. [8] using PCR to detecting Ychromosome markers.
Existence of microchimerism in renal-transplanted recipients
None of the samples collected from the 126 patients before they received male renal grafts showed the occurrence of positive microchimerism for any of the three probes; however, 96 of them (77%) had detectable three Y-chromosome genes in their blood samples at different times after renal transplantations. Based on the present study, we do not have direct evidence to indicate that the occurrence of microchimerism directly attributed to male grafts; however, the occurrence of positive microchimerism is unlikely attributed to the recipient's husband or to having-carried male babies becuase all healthy women as controls showed negative results for the detection of the Y-chromosome-gene-related microchimerism, even though they were married and some had delivered male babies, as mentioned above. Most of the microchimerism-positive recipients showed positive results for all three PCR products (Figure 2A ), except for a small number of recipients who showed either one or two of these three probes as positive. Sampling times varied among the patients depending on how long the patients survived after renal transplantations. We have randomly analyzed 42 microchimerism-positive patients of a total of 60 male-kidney recipients within a certain year for the first time of occurrence of positive microchimerism ( Figure 2B ). In general, two peaks of the positive rate could be found in these patients: one around 2 weeks and another one approximately 3-4 months after renal transplantation; and then a relative rate was maintained. The two peaks of the positive rate for the occurrence of microchimerism have been documented in a previous study [8] . In that study, they found that for patients without rejection (n = 7) within 1 year after receiving male kidneys, there was a peak of donor- Compared to previous studies, the present study shows a high rate of microchimerism-positive renaltransplant recipients (77%). For instance, Tajik et al. [6] examined 20 male-to-female renal allograft recipients for up to 30 months (2.5 years). Microchimerism was detected in 13 (65%) of the 20 recipients. Among the 60 kidney transplant recipients, examined for up to 1.5 years, Pujal et al. [10] found 43.7% with microchimerism. Microchimerism-positive rates in both studies were significantly lower than those in the present study (Table 2) . This discrepancy might be a result of the different follow-up times because longer follow-up periods after renal transplantation might provide more opportunities for DNA at 1-3 weeks post-transplantation followed by a second peak between 3 weeks and 4 months. In addition, among the 126 recipients, 8 recipients who had not experienced acute rejection and also experienced better general health after the renal transplantation only showed positive PCR product of DYZ1 2nd gene. This supports the concept that PCR product of DYZ1 2nd gene might be the most sensitive marker. . 481 .
Tel: +86-21-5492-2824; Fax: +86-21-5492-2825; Shanghai, China the positive detection of the microchimerism in the recipients. As documented in previous studies [4] [5] [6] , and as indicated in the present study ( Figure 2B ), microchimerism is a dynamic process, and the possibility of detecting microchimerism is significantly increased with a longer follow-up period.
Clinical outcomes of transplanted kidneys in microchimerism-positive recipients
As summarized in Table 2 , the survival time of transplanted kidneys was significantly higher in the microchimerism-positive recipients (8.7 years) than that in the microchimerism-negative recipients (5.4 years). The rate of patients with transplant rejection was significantly lower in the microchimerism-positive recipients than that in the microchimerism-negative recipients. There was no difference for the infection frequency per year between the two groups of recipients. However, the serum creatinine levels, measured at 1 year after transplantation, were significantly lower in the microchimerismpositive recipients than those in the microchimerism-negative recipients (Table 2) . Regarding survival times of transplanted kidneys relative to microchimerism-positive incidence, approximately 89.0% of the patients who survived for 10 years or less after having transplanted kidneys were microchimerism-positive, whereas 93.0% of the patients who survived for more than 10 years were microchimerism-positive ( Figure 2C ). In the patients with the longest survival time (more than 10 years) the microchimerism-positive rate is significantly higher than that in the group with a survival time being either 5-10 years or less than 5 years (P < 0.05, Figure 2C) . Furthermore, the patients who survived for a relatively longer time after renal translation and who were microchimerism-positive were randomly distributed in the four immunosuppression-therapeutic regimens; that is, the longer survival or positive microchimerism is not related to the difference of immunosuppressing regiments. The present study used a larger number of renal recipients and longer observation post-transplantation period than previous studies. There are several case reports indicating that a microchimerism-positive finding in the recipients of renal transplantation is an index of acceptance of transplanted kidney, as shown by relative longer survival time of transplanted kidneys in the recipients [6, 8, 10] . Tajik et al. [6] documented that among the 20 recipients in their study only 3 recipients had an episode of acute rejection during the first week after transplantation, and all were in the non-microchimerism group. Pujal et al. [10] analyzed 51 renal transplant recipients for rejection within 18 months (1.5 years) and found that 11.5% of microchimerism-positive recipients showed rejection, whereas 28% of microchimerismnegative recipients showed rejection. The preliminary findings from these two small case studies were further confirmed by the present, large-case study (Table 2 ).
In addition, the positive correlation of microchimerism with the acceptance of the transplanted organs was also evident in recipients with other organ transplants. Pujal et al. [10] analyzed 17 heart recipients and found a microchimerism-positive rate of 47% (8 of 17) in these patients. The rejection rate was 25% in the microchimerismpositive recipients and 57% in the microchimerism-negative patients (P < 0.05). Araujo et al. [11] recently reported that 71.9% of 32 patients with liver transplant presented positive microchimerism. Among the 23 microchimerism-positive recipients, 16 did not experience rejection and only 7 recipients showed rejection. In contrast, among the 9 (28.1%) microchi merism-negative patients, 7 experienced rejection and 2 did not. Therefore, a negative correlation of microchipmerismpositivity with transplanted organ-rejection was significant based on these studies.
In summary, the detection of donor-DNA from the http://www.asiaandro.com; aja@sibs.ac.cn blood of recipients with renal transplantation was positively associated with the immunotolerance of transplanted organs in the recipients. Although the exact mechanisms by which microchimerisms were formed remain largely unknown [10] [11] [12] [13] [14] [15] , the microchimerism were proposed to be derived from kidney cells, organcontained leukocytes or blood stem cells [15] . From a clinical view, the microchimerism might be one of several immunological mechanisms that lead to long-term graft survival. Combined with recent advances in inducing transplantation tolerance using donor-bone marrow infusion with organ transplantation [12] [13] [14] , microchimerism leading to transplantation tolerance will be of utmost importance for future clinical application and remains to be further explored [15] .
